Introduction
Visual impairment is a major risk factor for hip fractures in the elderly. Even mild visual impairment can increase the risk of death after hip fractures by more than twofold [1] . Apart from visual impairment, contrast sensitivity [2] and stereopsis [3] have been implicated as contributors of low fragility hip fractures. It is estimated that, by the year 2050, 50% of all hip fractures in the world will occur in Asia [4] . As most studies on visual impairment and hip fractures were conducted in Western populations, we planned to determine the association between various visual function tests and the risks of falls and low fragility hip fractures in an Asian (Malaysian) population.
Materials and methods
This case-control study was conducted in University Malaya Medical Centre (UMMC) from 30 June 2007 to 30 June 2008. Ethical approval was obtained from the medical ethics committee of UMMC. All consecutive patients aged ≥55 admitted with radiographic evidence of low fragility fracture of the proximal femur were identified from ward registers. These patients were recruited as cases if they consented and had a Mini-Mental State Examination [5] score of ≥27. This was to ensure reliability of the performed visual function tests. Cases were interviewed and examined prior to surgical intervention to exclude visual conditions, which could have been secondary to surgical or anaesthetic complications. Age-, sex-and ethnic-matched controls were randomly selected from patients attending outpatient clinics in UMMC. Patients were excluded as controls if they had a Mini-Mental State Examination score of <27 or had previous history of low fragility hip fracture.
To ensure consistency in conduct of the study, face-toface interviews and physical examinations were conducted by a single researcher using structured questionnaires. All patients were asked specific questions pertaining to fall. Falls were defined as 'unintentionally coming to the ground or some lower level and other than as a consequence of sustaining a violent blow, loss of consciousness, sudden onset of paralysis as in stroke or epileptic seizure' [6] . The type, time, location and cause of fall, and number of falls sustained within the preceding year were noted. We regarded patients who had more than one fall in the preceding year to have a significant fall history. Cases were asked if the fall resulting in their hip fractures was due to a trip, slip, limb weakness, blackout or misjudgement of distance. Demographic questions included ambulatory status and domestic circumstance. Pre-morbid illnesses that could predispose to fall such as cardiovascular accidents, Parkinson's disease, cardiac arrhythmias and osteoarthritis were noted. The presence of visual complaints and previous eye screening by health personnel in the preceding year was documented. Examination of cases was done at bedside using portable equipment in the orthopaedic wards while examination of controls was done at the eye clinic. Visual acuity was assessed with a Snellen visual acuity chart and the level of visual impairment was classified according to a modified International Statistical Classification of Diseases [7] . Contrast sensitivity was assessed using Pelli-Robson Contrast Sensitivity Chart (Clement Clarke International Ltd, Harlow, Essex). Patients with contrast sensitivity of >1.35 were considered to have good contrast sensitivity. Stereopsis was examined with the Frisby test (Richmond Productions Inc., Albuquerque, NM). We defined patients who had a stereopsis score of >600 s of arc as lacking gross stereopsis. Visual field examination was performed using confrontation technique in both groups for standardization of examination technique since the cases were unable to perform Humphrey perimetry in the eye clinic as they were on traction devices. Examination of four main quadrants (supero-/infero-temporal and supero-/infero-nasal) was done using a white pin for the peripheral visual fields and a red pin for the central visual fields. Patients who were unable to see the white or red pin in any of the examined quadrants were considered to have visual field defects. Both the red and the white pins were 5 mm in diameter and the same pins were used for all cases and controls. The pins were held at 50 cm from the patients and the investigator and moved slowly from a non-seeing area at the edge of the four main quadrants to a seeing area based on the investigator's field of vision. The same standardised technique was used for all patients and the test was performed by a single investigator. Measurements from the better eye were used for analysis of visual acuity, contrast sensitivity and visual field defects.
Patient's pupillary reaction to light was noted. Intraocular pressure was measured with Perkin's handheld applanation tonometer (Kowa Optimed Inc., Torrance, CA) for cases and with Goldman's tonometer (Haag-Streit, Harlow, Essex) for controls. Examination of the anterior segment was performed with a portable slit lamp for cases and with a free-standing slit lamp for controls. Examination of patients' posterior segment of the eye was done with a binocular indirect ophthalmoscope and a 20-dioptre lens for cases and a free-standing slit lamp and 90-and 78-dioptre lenses for controls.
Should there be visual impairment, the ocular disorder that caused the greatest limitation of vision in the better eye was selected as the principal ocular disorder. Refractive error was defined as improvement of patient's current visual acuity of two Snellen lines or more or using pinhole in the absence of any other ocular pathology if the patient did not have spectacles. If the patient had spectacles, refractive error was selected as the principal ocular disorder in the absence of any other ocular pathology if the patient had visual impairment and did not wear spectacles at the time of the fall. A significant cataract was defined as a lens opacity involving the visual axis, which impeded the investigator's view of the fundus (Lens Opacity Classification System grade II and above [8] ). Glaucoma was diagnosed when the patient was noted to have a vertical cup-to-disc ratio of >0.4, an intraocular pressure >22 mmHg and documented visual field defects. Diabetic retinopathy was selected as the principal disorder if there was severe proliferative diabetic retinopathy or clinically significant macular oedema, which decreased vision in the absence of any other ocular pathology. Other retinal diseases were diagnosed from fundus examinations.
Sample size calculation was based on 95% confidence interval (CI), 80% power with a 1:1 ratio of cases and control, and exposure of 30% (low vision in the Malaysian population aged ≥70 years was reported as 33.59% [9] ) using Epi Info™ version 6.04d (Atlanta, GA). Data were collected on standardised forms and entered into an Excel spreadsheet. SPSS version 13 (SPSS Statistics: Windows Student Version 13, Chicago, IL) was used for data analysis. Odds ratio (OR) and CI were calculated using logistic regression. A P value of <0.05 was taken as statistically significant. Statistical analysis for interaction was not significant for all variables.
Results
A total of 216 patients were recruited (108 cases and 108 controls). Of 118 patients who were admitted with low fragility hip fractures, 10 patients were excluded as they were too ill or had cognitive impairment. The cases represented 91.5% of all patients admitted for low fragility hip fractures within a 1-year period. The cases' ages ranged from 58 to 96 years with a mean age of 76 years (standard deviation, SD: 9.1). There were 2.6 times more female patients compared to male patients. Sixty-one (56.5%) cases were Chinese, 24 were Malays (22.2%) and 23 were Indians (21.3%). This reflected the local distribution of gender and ethnicity in Malaysia for low hip fragility fractures [9] . The control group's ages ranged from 58 to 89 years with a mean age of 74 years (SD 7.6). There was no significant difference between the mean ages of both groups (independent samples t-test, P = 0.147) or between the different age categories of both groups (chi-square test, P = 0.849). Moreover, 22.9% of the cases and 12.9% of the controls had no medical illnesses. Hypertension and diabetes mellitus were the main pre-morbid illnesses in cases. Similar results were noted in the control group (Table 1) .
The leading causes of visual impairment in both groups were cataracts and refractive errors. Among the 36 cases who sustained fractures with visual impairment, 31 (86.1%) had treatable conditions (18 cataract, seven refractive errors, four diabetic retinopathy and two retinal detachments). In the control group, eight (88.8%) of the nine controls with visual impairment had treatable conditions (five cataracts and three refractive errors). One case had wet age-related macular degeneration, which was included in the other category of principal ocular disorders. Forty percent of the cases and 20% of the controls had dry age-related macular degeneration, which did not affect vision and were not included in the principal ocular disorders (Table 2) .
Visual impairment in cases was four times higher than controls (33.3 vs 8.3%). This was statistically significant (OR = 4.08; 95% CI = 1.44, 11.51). More cases lacked gross stereopsis in comparison to controls (47.2 vs 14.8%). Ninety-five (88%) cases declared misjudged distance as the cause of their fall, which resulted in low fragility fracture. Table 3 ).
Sixty (27.7%) patients sustained more than one fall in the preceding year. Patients with a significant fall history had three times more visual impairment compared to patients who fell less (OR = 2.31, 95% CI = 1.03, 5.13). The number of falls was higher if patients lacked gross stereopsis (OR = 2.11, 95% CI = 1.03, 4.31). Decreased contrast sensitivity (OR = 2.12, 95% CI = 1.05, 4.30) and the presence of visual field defects in the better eye (OR = 3.40, 95% CI = 1.69, 6.86) also increased the risk of falls (Table 4) .
Discussion
The incidence of low fragility hip fractures in Malaysia has risen from 48 per 100,000 individuals in 1981 [11] to 90 per 100,000 individuals in 1996 [10] . No local data are available on the incidence of visual impairment in this group of patients with hip fractures. Only one study in Taiwan has been conducted to assess visual impairment in falls in the elderly [12]. The study, however, did not assess other visual function tests or the risk of low velocity hip fractures. To our knowledge, this is the first survey of its kind in Malaysia and in Asia. Cox et al. [13] found cataract, refractive error and age-related macular degeneration to be the three main causes of visual impairment in patients with low fragility hip fractures. Our study found cataract, refractive error and diabetic retinopathy to be the main contributors of visual impairment in our case group. This difference may be due to the different prevalence of ocular diseases between Western and Asian populations where Asians were found to have a higher incidence of diabetic retinopathy [14] .
Our study found decreased visual acuity to be a risk factor for low fragility hip fractures. This finding was supported in various studies [3, 15] . A majority of hip fracture patients with visual impairment had treatable ocular disorders. In addition, there was a significant lack of eye assessment among the hip fracture patients. This indicated a failure of ophthalmic services to reach this group of elderly patients. More research needs to be done to determine the barriers to ophthalmic healthcare in this group of patients as it has been documented that ocular intervention such as cataract surgery significantly reduces the rate of falls and fractures [16] .
A majority of the cases cited misjudged distance as the main reason for their hip fracture. This suggested stereopsis influenced the mechanism of their falls. Our study found lack of stereopsis significantly increased the risk of falls and low fragility hip fractures. This finding was also noted by Ivers et al. [3] who found that 40% of hip fractures in their study were attributed to poor visual acuity or lack of stereopsis. Their study, however, did not assess the role of contrast sensitivity as a potential risk factor for falls and low fragility fractures.
Ocular conditions such as cataract [17] , refractive error [18] and glaucoma [19] have been associated with decreased contrast sensitivity. It is documented that contrast sensitivity varies with and is decreased in levels of low illumination [20] . More than half of our cases sustained low fragility hip fractures during mesopic conditions and a third had ocular pathology associated with decreased contrast sensitivity. In addition, patients with poorer contrast sensitivity Visual function tests and hip fractures significantly sustained more falls in the preceding year. This emphasises the role of contrast sensitivity as an important risk factor for falls and hip fractures. Besides ocular intervention, environmental modifications should be introduced to enhance contrast sensitivity by increasing the level of illumination such as installation of night lights and having contrasting step colours for stairs. Our study found the presence of visual field defects to be the most significant risk factor for falls and low fragility fractures. This was consistent with the findings of Freeman et al. [21] who noted that visual field defects increased the risk of falls. Though visual field defects were present in 73.1% of cases, glaucoma was not a cause of visual impairment in cases. This was due to the definition of glaucoma as the patient would only be diagnosed with glaucoma if all three parameters of increased vertical cup-to-disc ratio, increased intraocular pressure and the presence of visual field defects were fulfilled. The patients may have had primary open angle glaucoma but the intraocular pressure was <22 mmHg during the time of ocular examination due to diurnal variation. Alternatively, the patients could have normal tension glaucoma where the intraocular pressure would not exceed 22 mmHg. A majority of the visual field defects in the cases could be due to cataract as 80% of the cataracts selected as the principal ocular disorder were mature cataracts, and these patients had generalised visual field defects as they could not visualise the pin used for visual field testing. Cases with cerebrovascular accidents also contributed to the visual field defects as 80% had infarcts in areas supplied by the posterior and the middle cerebral arteries.
Though visual field defects are often irreversible, environmental aids can be used to help patients such as relocating the bedroom to the ground floor to eliminate the need for stairs, installing handrails in the bathroom as navigational aids and having a level interior layout to reduce the incidence of tripping over obstacles.
In our study, we found a significant association between impaired visual function tests and an increase in the number of falls. However, there was no significant association between the number of falls and low fragility hip fractures. This may be because the data on patient's previous falls were retrospective and dependent on patient's recall. In addition, there are also other risk factors for low fragility hip fractures such as low bone mineral density [22] and reduced ability to take corrective measures to cushion the falls, which was not assessed in our study. These factors may also explain why having a previous eye examination decreased the risk of low fragility hip fractures but did not decrease the risk of falls.
An interviewer bias may be present as the examiner was not masked to cases or controls with the cases being bedbound and controls ambulatory. Another limitation of our study was the small sample size in comparison to other studies [3, 12, 21] . Our study is still relevant as UMMC is a tertiary referral hospital that caters to the most populated city in Malaysia and may accurately reflect the distribution of ocular diagnosis in the urban Malaysian population.
Conclusions
Visual function has a significant impact on the risk of falls and low fragility hip fractures. Hence, elderly patients should have yearly ophthalmological examinations that include visual acuity, contrast sensitivity, stereopsis and visual field testing. Besides ocular intervention, environmental modification should also be implemented.
Key points
• Elderly patients with low fragility hip fractures had poorer visual function tests compared to controls. • A majority of elderly patients with low fragility hip fractures with visual impairment had treatable ocular disorders.
• Impaired visual acuity, stereopsis, contrast sensitivity and visual field defects are associated with an increased risk of low fragility hip fractures and falls in elderly patients.
